Internal mobility ratios b Li /b As and b K /b Ag in molten (Li,Ag)N0 3 and (K,Ag)N0 3 have been measured by Klemm's countercurrent electromigration method. From these and available data on the densities and conductivities the internal mobilities have been calculated. The present experiments yielded more accurate data than previous ones using other methods. Over the investigated range of concentration and temperature, b Ag is greater than b u or b K . The results are discussed together with earlier ones obtained for (Na, Ag)N0 3 .
Introduction
In [1] we measured the ratio of the cation internal mobilities in the molten system (Na,Ag)NO a at five temperatures by Klemm's countercurrent electromigration method and calculated the internal mobilities. The isotherms thus obtained are considerably different from those obtained with other methods. Since the Klemm method probably yields the most reliable data on internal mobility ratios among available methods, it was thought worthwhile to remeasure also the ratios in molten (Li,Ag)NO a and (K,Ag)N0 3 and to compare the results with those for (Na,Ag)N0 3 .
Experimental
Reagent grade AgN0 3 , LiNO a and KN0 3 were used. The apparatus and procedures used were similar to those in the previous study [1] .
Results
The relative difference in the internal mobilities is defined as e AlkAg=( Ö Alk-bAg)/k,
where
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Here, x a is the mole fraction of the salt with the cation a (*Aik + *Ag = l)-
The e values obtained for the two systems are listed in Tables 1 and 2 , together with the main experimental conditions.
The b Mk and b Ag are calculated from e, the conductivity and the density by the equations given in [1] , the data on the conductivities and densities of the two systems being taken from [2, 3] . The calculated internal mobilities are given in Tables 3 and 4, and the corresponding isotherms are shown in Figs. 1 and 3 . For comparison, in Fig. 2 the results obtained in [1] for (Na,Ag)N0 3 are shown.
Comparison with results obtained with other methods also employed the EMF method of type A [7] to measure the ratio; type A refers to the method in which inert electrodes surrounded by nitrous gas are used. The agreement between [5] and [6] was satisfactory, though the experimental error of some measurements in [5] was large.
Richter and Amkreutz [8] employed the EMF method of type B [7] ; type B refers to the EMF method where silver electrodes are used.
For the system (Li,Ag)N0 3 , five original papers report measurements of the cation mobility ratios (see Table 5 ).
Kawamura [4] used the Hittorf method. Kawamura and M. Okada [5] later found that in [4] there had been some mistakes in the gravimetric analyses of the Li + content and remeasured the ratios by the same method using a silver anode. Subsequently, they [6] [1] . o: Na, Ag; c;: b Na extrapolated with respect to temperature. 
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a The values under the melting point are the ones extrapolated with respect to temperature. Connan [9] measured external transport numbers by the Hittorf method with a silver anode.
The isotherms of the internal mobilities obtained in [5] , [6] , [8] , and [9] are shown in Fig. 4 , the internal mobilities in [9] being calculated from their external ones. b As is always greater than b Li in all the measurements except in [8] , in which a crossing point appears for the isotherms.
For the system (K,Ag)N0 3 , four original mobility ratio measurements are listed in Table 6 . In [10] a silver anode was used. The calculated internal mobility isotherms are shown in Fig. 5 . b Ag was greater than b k in all the measurements except in [12] where a crossing point was observed.
The inherent superiority of the Klemm method to the Hittorf one in this kind of measurements has already been discussed [1] , Here, the errors involved in the EMF method are discussed by using equations In [5] , the author admits mistakes in the chemical analyses. (5) with Z A = -d</> A /d£ and E = -(RT/F) In a Ag . </ > A has been determined in [6] to be = -A 10 ~B E + C : [5] , : [6] , : [8] , : [9] , (K,Ag)N0 3 measured earlier. 
Thus it could not be clarified with this method whether at low x Ag Li + or Ag + is more mobile. As seen from a comparison of (3) and (4), d0 B /dp Ag is larger than d0 A /dp Ag , even much larger if x Ag e AIk Ag is small. Therefore, in order to measure x Ag e AlkAg it is preferable to use cells of type A instead of type B, since the errors involved when measuring a quantity (in this case d</> A /dp Ag or d(j)Jd(f>^) can be assumed to be proportional to the magnitude of this quantity. Tables 1 and 2 reveal that errors involved in the Klemm method are much lower, particularly at low x Ag , than those in the EMF methods. Thus, it is not surprising that internal mobilities measured by the EMF method deviate from those measured by the Klemm method, particularly at low x Ag .
Further, it should be noted that an apparently small error in the internal transport number of a binary system becomes an enlarged error in e and hence in the internal mobility particularly at low concentrations. From
it follows that
where t is the internal transport number and subscripts 1 and 2 refer to cations 1 and 2 in an additive binary system. An error of a t = 0.01, for example, which often occurs with data measured by the Hittorf and EMF methods, corresponds to an error of as much as o El2 = 0.11 at Xy or x 2 = 0.1. Thus, the EMF method is inferior to the Klemm method for the determination of e 12 for the following reasons:
1. Activities have to be measured independently which inevitably involves considerable errors. 2. Emf's are, in general, more sensitive to impurities than mobilities. 3. At low concentration of a given ion, the error in e is enlarged. Further, when cells of type B are used, only the small deviation of Fd0 B /dp 2 from unity yields the information about e 12 . 4. The EMF methods can be applied only for additive binary systems and not even for additive ternary systems.
Discussion
It is not known how the mobilities of pure molten salts depend on the interactions of the ions. Why, for instance, is (b + _) Lia > (b+ _) Aga but (fr + _) LiN03 < (fr + _) AgN o 3 ? In the discussion of the mobilities of the (Alk,Ag)N0 3 systems we shall therefore take the mobilities of the respective pure salts as given without explanation and discuss the observed dependencies of the isotherms on concentration and temperature in terms of the ion-coion interaction and the two ioncounterion interactions.
To start with (K,Ag)N0 3 ( Fig. 3) , in the corresponding pure salts the smaller cation (Ag + , r = 115 pm [14] ) is more mobile than the larger cation (K + , r = 138 pm [14] ). In the mixtures, the ion-coion interaction accelerates the K + ion and retards the Ag + ions in their migration towards the cathode. Therefore the mobilities of both ions tend to increase with increasing Ag + -concentration. The same tendency results from the ion-counterion interactions: Ag + , being smaller than K + , binds NOJ more tightly than K + does. If in the mixture some of the K + -ions are replaced by Ag + ions, fewer N0 3 ions become available for ion-counterion associations, which results in an increase of the mobilities of both cations. Also, on increasing the Ag + concentration the decrease of the association of Ag + with N0 3 is greater than that of K + with NOJ [15] ; therefore the increase of the mobility of Ag + should be steeper than that of K + . Figure 3 confirms these predictions: There is a substantial increase of the mobilities of both cations with increasing Ag + concentration, and the increase is steeper for Ag + than for K + . The increase of K + is somewhat smaller than expected from the empirical relation
with the coefficients A, V 0 and E obtained from the system (K,Na)N0 3 [16] . Since the molar volumes V of (K,Ag)N0 3 In case of the system (Li, Ag)N0 3 ( Fig. 1 ) the situation is different, in the corresponding pure salts the smaller cation (Li + , r = 59pm (IV) and 76 pm (VI) [14] ) being less mobile than the larger cation (Ag + , r = 115 pm [14] ). This causes a partial cancellation of the tendencies resulting from the ion-coion and ion-counterion interactions, i.e. the isotherms are flatter than in case of (K,Ag)N0 3 . At the low temperature (T = 523 K), the effect of the ion-coion interaction dominates, i.e. the mobilities of both ions tend to increase with increasing Ag + -concentration. At the high temperature (T = 603 K), however, the effect of the ioncounterion interactions dominates: Ag + binds N0 3 less tightly than Li + does. If some of the Li + ions are replaced by Ag T ions, more N0 3 ions become available for ion-counterion associations, which results in a decrease of the mobilities of both cations. With increasing Ag + concentration the increase in NO J association with Li + ions is greater than that with Ag + ions; therefore the decrease of the mobility of the Li + ions is steeper than that of the Ag + ions [15] , as observed. The observed temperature effect conforms with the general tendency that molten salts become more molecular with increasing temperature [7] .
It should be mentioned that the profiles of the mobility isotherms in (Li,Ag)N0 3 reasonably resemble those in (Li,Na)N0 3 [17] , For the system (Na,Ag)N0 3 , the situation is somewhat complicated. The ionic radius of Ag + (r = 115pm [14] ) seems to be greater than that of Na + (r = 102 pm [14] ), whereas the molar volume of molten AgX (X = N0 3 , Cl~, Br", and I -) is appreciably greater than that of molten NaX. One interpreta-tion is that the effective ionic radius in the molten state may differ from that in the solid state. An alternative one is that repulsion between Ag + ions may be weaker than that between Na + ions. In any case, in the corresponding pure molten nitrates Ag + is more mobile than Na + . One may therefore infer that Na + binds the counterions more tightly than Ag + does. Then the mobility isotherms in (Na,Ag)N0 3 should be similar to those in (Li,Ag)N0 3 , as indeed they are.
